Summary Morphology was characterized among 40 samples of Broussonetia papyrifera Vent. from 40 areas in 10 provinces of Thailand. Meiotic behavior from pollen mother cells was prepared using the standard aceto-orcein staining technique. The somatic prometaphase chromosomes were splashed on glass slides and stained with Giemsa solution. According to meiosis and mitosis, all samples were diploid. Chromosome length and condensation pattern (CP) were analysed using the CHIAS III software. An idiogram based on CP was generated which is the first reported idiogram of paper mulberry.
Paper mulberries, as fiber trees or shrubs, are important for handmade and industrial paper especially in northern parts of Thailand. They are in the Broussonetia genus which is widely distributed in tropical and subtropical areas. In 1985, the Department of Agriculture reported that there were 4 species, Broussonetia kurzii, B. kaemferi, B. kazinoki and B. papyrifera. The first species is edible. The second and the third originated in Japan, while the fourth is a native Thai species. Paper mulberries are grown throughout Thailand except the southern part (Supapornhaymantra et al. 1995) and accordingly, there are morphological variations, for example, there are many different colors of stem or trunk such as light brown, dark brown and greenish brown, and there are also differences in leaf pattern. The diploid chromosome number of the species is 26 (Petcharaburanin 1991) . However, there is no evident report of a quantitative idiogram using CHromosome Image Analysis System (CHIAS) for this species. CHIAS is a new technique for cytogenetics study which is powerful for the discrimination and identification of small plant chromosomes and karyotype analysis. This method analyses condensation patterns (CP). CP is uneven condensation of chromatin fibers appearing at prometaphase chromosomes. It was first used to describe the uneven staining pattern after Giemsa staining of small plant chromosomes. Then, it was proved that the pattern was not affinity differences of staining dyes but was caused by uneven condensation (Fukui and Iijima 1991) . This method is more convenient to find polymorphism on mitotic chromosomes than the conventional techniques of C, N or G-banding. It identifies condensed/heterochromatic regions of each chromosome of the genome. It has been developed as CHIAS I (Fukui 1986) , CHIAS II (Fukui and Nakayama 1996) and CHIAS III (Fukui and Hirose 1997, Kato and . The technique has been used in several plants such as rice (Fukui and Iijima 1991 , Fukui 1996 , Apisitwanich et al. 2000 , Kato et al. 2003 , Arabidopsis (Ito et al. 2000) , and Brassica ( Fukui 1977, Fukui et al. 1998) . The purpose of this study was to establish a quantitative idiogram using CHIAS III, and observe meiotic behavior and morphology of Broussonetia papyrifera as a contribution to basic knowledge.
Materials and methods
Forty samples of Broussonetia papyrifera from different areas of Thailand (Ratchaburi, Kanchanaburi, Lopburi, Saraburi, Chiangmai, Phare, Nan, Sukothai, Loei and Nakornratchasrima) were collected and used as representatives for the study. For meiotic behavior, pollen mother cells were dissected from the anthers with a pair of dissecting needles in a drop of fixative solution (ethanol 3: glacial acetic acid 1). Then they were stained with 2% aceto-orcein on a slide. A cover slip was placed on top 10 min after staining and the tissues were squashed. In the chromosome preparation, about 5 cm long roots were cut off and soaked for 2 h in 0.05% colchicine. Then the roots were fixed for 2-4 h in fixative solution, transferred to 70% ethanol solution and kept in a refrigerator. The mitotic chromosomes from the roots were prepared using the technique described by Apisitwanich et al. (2000) . Well-spread prometaphase chromosomes with no overlapping were sketched and photographed with a Nikon Microscope, Eclipse E600 photoautomatic which was linked to a computer for digital image storage. The photographs were saved as Photoshop program files. The CHIAS III system using the macro programs written by Kato et al. (1998) was used to analyse the somatic prometaphase chromosomes on all 520 chromosomes (1040 chromatids) of 20 mitotic cells based on the density of chromatid condensation. The prometaphase chromosomes from the Photoshop program files were opened in the CHIAS III and the background of each cell was erased. All chromosomes were painted with colors and manually paired. The centromeric positions were cut. Lines were then drawn long arm along the mid-rib of the chromatid from the short arm to the long arm. The length of the chromatid and density of the condensation profile were automatically analysed by the CHIAS III. A curve was plotted and digital data were generated. The digital data were then transferred to the Excel program to calculate the arithmetic mean of the centromeric index and relative length of chromosomes. Finally, the data were transformed by the NIH (National Institute of Health) image program to create an idiogram of paper mulberry.
Results and discussion
According to the shape of paper mulberries in this research, there were 2 types. One was a circular bush and the other was a branching type. Lenticels on the outer bark of stems and branches were a dark brown color, with a variety of shapes, i.e. circular, oval, small dots and transverse bands. The distribution of lenticels on stems or trunks were horizontal, vertical or obliquely scattered. Leaves were simple and had 0-6 lobes. These were both opposite and alternate leaf arrangement patterns. The stipule length was between 1.61-2.43 cm. Trichomes were of 2 types, falcate and unicellular. There were many types of ordinary cell including polyhedral, shallow and deep wavy walls. The stomata was oblong in shape and anomocytic pattern. Pattern of crystal on leaf was druse. The inflorescences were cylindrical catkins in male and globose heads in female flowers. Fruits were multiple and red-orange colored at the mature stage. The characteristics are shown in Fig. 1 .
The meiotic chromosomes at different stages are shown in Fig. 2 . For the somatic chromosome, the chromosome number of B. papyrifera was 26 (Fig. 4) . This is in accordance with that reported by Petcharaburanin (1991) . The somatic prometaphase chromosomes were condensed and small. After Giemsa staining, they could be easily observed under a light compound microscope. The density of blue color on chromosomes indicate condensation of these regions. The CHIAS III was used for idiogram construction. It was started from well splashed and stained prometaphase chromosomes which were captured to Photoshop program files (Fig. 3A) . The blue color on chromosomes was converted to be gray image chromosomes (Fig. 3B ). They were then painted with a red color (Fig. 3C) , the background was erased (Fig. 3D) , and the red chromosomes were changed to pseudomulti-colors (Fig. 3E) . Homologous chromosomes were paired (Fig. 3F) . The Excel program calculated relative length, centromeric index (q/(pϩq)) of each chromosome (Table 1) , and generated a curve from the density of gray value on the chromosome (Fig. 4) .
The idiogram of quantitative chromosome map of B. papyrifera was constructed by the NIH image in the CHIAS III program. Karyotype of B. papyrifera was asymmetric. The haploid idiogram consisted of 12 submetacentric and 1 metacentric chromosomes. It is noteworthy that the individual chromosomes were similar in size especially chromosomes 2 and 3, and chromosomes 4, 5, and 6, which were difficult to distinguish from each other. Nevertheless, the chromosome map characteristics showed an uneven condensation along the chromosome, namely, highly condensed regions, moderately condensed regions, and dispersed regions (Fig. 5) . In addition, the chromosome numbers 8 to 13 did not have a highly condensed region, only moderately condensed and dispersed, especially chromosome number 13, the smallest chromosome, which only revealed a dispersed region.
Comparing chromosomal characteristics to other species studied by CHIAS III, the average length of paper mulberry chromosomes was relatively small at 7.335 while the average in rice was 8.3 (Fukui and Iijima 1991, Apisitwanich et al. 2000) . There were disappearance satellite chromosomes or nucleolar organizer regions in this species but they clearly appear on the short arm of rice (Fukui and Iijima 1991 , Apisitwanich et al. 2000 , Kato et al. 2003 , Glycine (Yanagisawa et al. 1991) and Arabidopsis chromosomes (Ito et al. 2000) which were confirmed by fluorescence in situ hybridization. This study will help to increase knowledge and could be used as a quantitative chromosome map of Thai paper mulberry (B. papyrifera) for further study. 
